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INDUCED CAVITATION TO PREVENT
SCALING ON WELLBORE PUMPS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. application Ser.
No. 15/827,733, entitled “Induced Cavitation To Prevent

Scaling On Wellbore Pumps™ filed on Nov. 30, 2017, which

in turn claims the benefit of priornity to U.S. Application Ser.
No. 62/434,158 entitled “Induced Cavitation To Prevent

Scaling On Wellbore Pumps” filed on Dec. 14, 2016, the

entire contents of which are incorporated herein by refer-
ence.

TECHNICAL FIELD

This specification relates to producing a wellbore, for
example, using assistive devices such as wellbore pumps.

BACKGROUND

In hydrocarbon production, hydrocarbons are produced
from a wellbore drilled mto a geological formation. At
times, the natural pressure of a reservoir 1s unable to flow
hydrocarbons from the wellbore. When this happens, arti-
ficial-lift apparatuses and systems, such as electric submers-
ible pumps (ESPs), are often installed 1n the wellbore.

SUMMARY

This specification describes technologies relating to pre-
venting scale buildup on wellbore pumps.

In a first example implementation, a downhole production
assembly includes a downhole pump configured to be posi-
tioned at a downhole location 1n a wellbore. The system
includes a cavitation chamber located upstream of an mlet of
the downhole pump 1n the wellbore.

In an aspect combinable with the first example 1mple-
mentation, the cavitation chamber 1s configured to induce
cavitation 1n a tfluid flowed through the downhole pump. The
fluid includes scaling products, the cavitation causing the
scaling products to precipitate out of the flud.

In another aspect combinable with any of the other
aspects, the cavitation chamber 1s attached to an inlet of the
downhole pump.

In another aspect combinable with any of the other
aspects, an interior surface of the cavitation chamber 1is
configured to prevent blockage by the precipitated scaling
products.

In another aspect combinable with any of the other
aspects, the cavitation chamber imncludes a chemical coating
configured to prevent blockage by the precipitated scaling
products.

In another aspect combinable with any of the other
aspects, the cavitation chamber includes a mechanical
cleaner configured to prevent blockage by the precipitated
scaling products.

In another aspect combinable with any of the other
aspects, the cavitation chamber includes an ultrasonic
cleaner, the ultrasonic cleaner being configured to prevent
blockage by the precipitated scaling products.

In another aspect combinable with any of the other
aspects, the cavitation chamber includes a rotating cavitator
configured to induce the cavitation 1n the fluid by rotating
within the fluid.

10

15

20

25

30

35

40

45

50

55

60

65

2

In another aspect combinable with any of the other
aspects, the rotating cavitator 1s configured to be coupled to
a rotating shaft of the downhole pump.

In another aspect combinable with any of the other
aspects, the rotating cavitator 1s configured to passively
free-spin, wherein the fluid tlow causes the free-spin.

In another aspect combinable with any of the other
aspects, the cavitation chamber includes an ultrasonic trans-
ducer configured to induce the cavitation in the fluid by
emitting an ultrasonic frequency into the fluid.

In another aspect combinable with any of the other
aspects, the ultrasonic transducer 1s configured to produce

frequencies from 40 kHz to 10 MHz.
In another aspect combinable with any of the other

aspects, the ultrasonic transducer has a maximum power

output of 20 KW.

In another aspect combinable with any of the other
aspects, the cavitation chamber includes a laser emitter
configured to induce the cavitation in the fluid by emitting
a laser into the flud.

In another aspect combinable with any of the other
aspects, the laser emitter emits a pulsed laser.

In another aspect combinable with any of the other
aspects, the laser emitter emits a continuous laser.

In another aspect combinable with any of the other
aspects, a laser emitter surface includes a surface coating or
an ultrasonic transducer, which 1s configured to prevent
adherence of the precipitated scaling products to the laser
emitter surface.

In another aspect combinable with any of the other
aspects, the cavitation chamber includes an electrical arc
emitter.

In another aspect combinable with any of the other
aspects, the electric arc emitter 1s configured to produce an
clectrical arc 1n a flow-path of the flud.

In another aspect combinable with any of the other
aspects, the electric arc emitter has a maximum voltage
rating of 9000V.

In another aspect combinable with any of the other
aspects, the electrical arc emitter 1s configured to produce a
pulsed electric arc.

In another aspect combinable with any of the other
aspects, the electrical arc emitter 1s configured to produce a
continuous electric arc.

In another aspect combinable with any of the other
aspects, the system 1ncludes a power supply system config-
ured to provide power to the cavitation chamber.

In another aspect combinable with any of the other
aspects, the power supply system 1s configured to power the
downhole pump.

In a second example implementation, a well fluid 1s
received 1n a cavitation chamber positioned upstream of a
downhole pump nlet of a downhole pump. The well tfluid
includes scaling products. Cavitation 1s induced within the
well fluid within the cavitation chamber to precipitate the
scaling products within the cavitation chamber.

In an aspect combinable with the second example imple-
mentation, the cavitation chamber 1s positioned within a
flow-path of the well fluid.

In another aspect combinable with any of the other
aspects, the precipitated scaling product 1s ingested into the
downhole pump inlet.

In another aspect combinable with any of the other
aspects, the cavitation chamber includes a rotating cavitator.
To induce cavitation within the fluid, the rotating cavitator
1s spun within the cavitation chamber.
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In another aspect combinable with any of the other
aspects, the rotating cavitator 1s coupled to a downhole
pump shait of the downhole pump. The downhole pump
shaft 1s rotated to rotate the rotating cavitator.

In another aspect combinable with any of the other
aspects, the wellbore fluid tlow rotates the rotating cavitator.

In another aspect combinable with any of the other
aspects, an ultrasonic transducer 1s configured to induce
cavitation in the flmd.

In another aspect combinable with any of the other
aspects, the ultrasonic transducer i1s configured to produce a
soundwave has a frequency of 40 KHz-10 MHz.

In another aspect combinable with any of the other
aspects, the ultrasonic transducer has a maximum power
rating of 20 KW.

In another aspect combinable with any of the other
aspects, a laser emitter 1s configured to induce cavitation
within the fluid by producing a laser beam with the laser
emuitter.

In another aspect combinable with any of the other
aspects, the laser beam 1s a pulsed laser.

In another aspect combinable with any of the other
aspects, the an electrical arc 1s configured to induce cavita-
tion within the fluid.

In another aspect combinable with any of the other
aspects, the electrical arc has a maximum voltage of 9000V.

In a third example implementation, a wellbore producing
system 1ncludes an electric submersible pump configured to
be located within a wellbore. The system includes a cavi-
tation chamber configured to be positioned within a wellbore
flow-path upstream of an inlet to the electric submersible
pump. The cavitation chamber i1s configured to induce
cavitation in the fluud and precipitate scaling products
upstream of the pump.

The details of one or more implementations of the subject
matter described in this specification are set forth in the
accompanying drawings and the description below. Other
features, aspects, and advantages of the subject matter will
become apparent from the description, the drawings, and the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a schematic diagram of an example
downhole production assembly.

FIG. 1B shows a schematic diagram of an example
downhole production assembly of FIG. 1A, with a cavitation
chamber including a mechanical cleaner.

FIG. 2 shows a schematic diagram of an example cavi-
tation chamber with a rotating cavitator.

FIG. 3 shows a schematic diagram of an example cavi-
tation chamber with transducers.

FIG. 4 shows a schematic diagram of an example cavi-
tation chamber with electrodes.

FIGS. SA and 5B show schematic diagrams of example
cavitation chambers with laser emitters.

FIG. 6 shows a flowchart of an example method for
causing downhole cavitation 1 upstream of a downhole
pump inlet.

Like reference numbers and designations 1n the various
drawings indicate like elements.

DETAILED DESCRIPTION

There are downhole scale deposition challenges associ-
ated with hydrocarbon production. Scale problems are the
result of a three-stage process: nucleation, precipitation, and
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adherence to equipment. Nucleation can occur when the
concentration of the scaling ions exceeds the solubility limat
of the mineral scale 1n the production fluids. Nucleation 1s
the creation of a sub-particle or 1on-cluster consisting of
several opposite charged scaling 1on-pairs. The clusters form
either 1 bulk flmds or on a substrate such as sand grains,
clay, metallic surfaces, or other scale crystals. Once formed,
the clusters can grow along well defined crystal planes as
more 1ons or more 1on-clusters become attached to the

growing crystal surfaces. Once the crystal 1s sufliciently
large, 1t cannot be held in suspension and will fall out of the
fluad. Crystals dropping out of fluids, combined with crystals
forming and growing on the metallic surface, can lead to
scale deposits. Scale growth can continue, gradually remov-
ing scaling 1ons from solutions, until the concentration of the
scaling 1ons falls below saturation.

Production water, which 1s often produced with hydro-
carbons in production fluid, contains dissolved minerals as
dissolved 1omns. Changes in operating conditions such as
pressure, temperature, pH value, tlow agitation, or flow
restrictions can aflect the solubility of the dissolved solids.
Operating pressure can intluence the solubility of calcium
carbonate mineral which can form scale as calcite, aragonite
and vaterite—different crystal structures with the same
chemical composition (CaCQ,), especially in the presence
of CO, and H,S 1n the production fluids. As pressure falls,
CO, concentration in the production water can decrease due
to either CO, vaporization or migration to the hydrocarbon
phases. This increases the pH value of the water, reduces the
mineral solubility, and causes thermodynamic equilibrium to
shift in favor of carbonate scale formation. The solubility of
most minerals such as calcium sulfate (CaSQO,), strontium
sulfate (SrSQO,), and barium sulfate (BrSQO,) also decreases
with pressure reduction.

In ESP operations, as fluids move past the impellers,
localized pressure reduction and cavitation can occur. Such
pressure changes can promote scale formation, and can
decrease the reliability and run life of the artificial lift
systems. During ESP operations, solid precipitation and
deposition on and within the ESP string including the motor
housing, pump intake, stages (impellers & diffusers), and
discharge can occur. The solid compositions can include one
or more types of scales, such as CaCO,, CaSO,, SrSQO,, or
CaMg(CQO,),, and corrosion products. Deposition of solids
can result 1n an increase i ESP trips (shut downs) due to
motor high-temperature, current overload, or both. Electrical
shorts can occur 1n the motor due to scale and corrosion
buildup 1n the pump that can force the motor to work harder
and exceed the rated design of the motor. As an adequate
flow of produced fluid past the motor 1s required for cooling,
blocking of a pump tlow-path or buildup around the outside
of the motor of solids, can lead to a rapid internal increase
in heat within the motor, insulation breakdown, and an
clectrical short. Some ESP wellbores cannot restart after a
shutdown due to a downhole pump shait rotation restriction
from solid buildup between the shaift and radial bearings.
Such a failure results 1n a long and expensive workover to
change out the ESP.

Some techniques to 1ihibit scaling include mjecting scale
inhibitors which operate by chemically interfering waith
cither scale nucleation, crystal growth or both. However,
continuous chemical imjection to treat scale in order to
increase ESP reliability and run life can require retrofitting
existing ESP wells with such a system incurring a high
capital and operational expense. Such a retrofit can also
introduce new safety concerns to a production facility.
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Cavitation 1s the formation, growth, and implosion of
vapor bubbles 1n a liquid. Cavitation can be used to facilitate
the precipitation and removal of calctum carbonate in the
production fluid. In other words, cavitation can cause pre-
cipitation, and precipitation lowers the 1on saturation of the
fluid. By precipitating scaling products and lowering the
saturation level of the flmd, precipitation and scaling 1s
reduced downstream.

The present specification discusses integrating a cavita-
tion chamber with a downhole production assembly, spe-
cifically, downhole (upstream) of ESP pressure generating
stages. Hydrodynamic cavitation can be induced within the
production fluid as 1t flows through the cavitation chamber.
The induction of cavitation shifts the thermodynamic equi-
librium balance towards scale precipitation. Scale precipi-
tation takes away the scaling 10ns from the production water.
The reduction of the scaling species eflectively removes the
propensity ol water to form 10n clusters for growth within
the rest of the ESP system, downstream of the cavitation
chamber.

Inducing cavitation 1n a well fluid prior to the well fluid
entering the inlet of the pressure-generating stage can pre-
cipitate out scaling products early, thereby preventing the
scaling products from forming within the pressure-generat-
ing stage and reducing efliciency. By preventing scaling, the
reliability of the ESP, increase run life of the ESP and reduce
intervention cost and production deterral.

FIG. 1A shows a schematic diagram of an example
downhole production assembly 100 that can be positioned at
a downhole location within a wellbore. FIG. 1B shows a
schematic diagram of an example downhole production
assembly of FIG. 1A, with a cavitation chamber including a
mechanical cleaner. The downhole production assembly 100
includes a production tubing 102, a downhole pump 104 ({for
example, an ESP or other downhole motor) positioned
downhole of the production tubing 102, a cavitation cham-
ber 106 including a mechanical cleaner 175, positioned
downhole of (that 1s, upstream of) the downhole pump 104,
a wellbore pump intake 108 located downhole of the cavi-
tation chamber 106, a downhole motor-seal 110 positioned
downhole of the wellbore pump intake 108, a downhole
motor 112 located downhole of the downhole motor-seal
110, and a set of downhole sensors 114 positioned at the
downhole end of the downhole production assembly 100.

In general, a downhole pump (sometimes called a down-
hole-type pump) 1s designed and manufactured to operate in
a downhole environment. For example, the downhole pump
104 can be sized to fit within a wellbore or ruggedized to
withstand the downhole environment (such as pressure,
temperature, and other conditions) at diflerent depths 1n the
downhole environment. The downhole pump 104 can also
be designed to operate, that 1s, to pump tluid, when disposed
downhole. In some implementations, the downhole pump
104 can be a progressive cavity pump (PCP). In general,
rotary cavitation chambers can be implemented for wells
with artificial lift systems because the motor that drives the
artificial lift systems can also drive the rotary cavitation
chambers. In some implementations, the cavitation chamber
106 can be added to wells that do not implement artificial lift
systems but sufler from scale deposition or buildup. In such
implementations, non-rotary cavitation chambers can be
implemented. Examples of rotary and non-rotary type cavi-
tation chambers are described with reference to the figures
that follow.

In addition to the components listed prior, a packer 116
can be used to i1solate a wellbore annulus upstream of the
downhole pump 104. The packer 116 can also be used to
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provide hanging support for the downhole production
assembly 100. A power cable 118 can provide power to the
downhole motor 112 from a power supply system (not
shown). In some 1implementations, the power cable 118 can
also provide power to the cavitation chamber 106 from the
same or a different power supply system. The power supply
system (or systems) can be located, for example, at a topside
facility or at other location.

Fluid flows into the downhole production assembly 100
from a reservoir downhole of the assembly 100 through the
wellbore pump intake 108. From the wellbore pump intake
108, the wellbore fluid tlows through a cavitation chamber
106 and into a downhole pump 104. The downhole pump
104 sends the wellbore fluid flow 1n an uphole direction, for
example, to a topside facility, via the production tubing 102.
The downhole motor 112 rotates the downhole pump 104.
The power line 118 provides power to the downhole motor
112. The motor-seal 110 protects the downhole motor 112 by
preventing the production fluid from entering the downhole
motor 112. The wellbore fluid flowing over the surface of the
downhole motor 112 cools the downhole motor 112 during
operation of the downhole production assembly 100. The set
of downhole sensors 114 relays information about the down-
hole motor 112 (for example, the ESP system) and the well
fluid to the topside facility in real time. Sensor cables can be
integrated into power line 118.

The power line 118 (or a different power line (not shown))
can provide power to the cavitation chamber 106, which
induces cavitation i the wellbore fluid flowed into the
cavitation chamber 106. The induced cavitation precipitates
scaling products 1n the wellbore fluid before the wellbore
fluid enters the downhole pump 104. Without the cavitation
chamber 106, the scaling products can flow downstream into
the downhole pump 104 and decrease the reliability and run
life of the downhole pump 104, as described above. The
cavitation chamber 106 induces cavitation before the down-
hole pump 104 inlet.

The cavitation can be confined to the cavitation chamber
106. That 1s, all gas bubbles that are produced in the
cavitation chamber 106 collapse before reaching the inlet of
the downhole pump 104. Because cavitation bubbles are
generated 1 very localized areas within the cavitation
chamber 106 and short-lived due to high bulk fluid pressure
which 1s higher than the tfluid bubble point pressure, the
cavitation bubbles collapse quickly. The cavitation chamber
106 and the components within 1t can be made of any
material or materials that are resistant to cavitation damage,
such as stainless steel.

The cavitation chamber 106 and the components within
can also be coated with a special coating, for example,
hydrophobic coating or other coating, to prevent scaling
products from attaching to either of them. By preventing
scaling products from sticking to the surfaces of the cavi-
tation chamber 106, buildup of scaling products within the
cavitation chamber 106 to create a blockage within down-
hole production assembly 100 can be minimized or avoided.
In some 1implementations, the cavitation chamber 106 can
include ultrasonic transducers 122 capable of cleaning sur-
faces within the cavitation chamber 106 to prevent scale
buildup.

The precipitated scaling products are suspended in the
well fluid and pass through the downhole pump 104 to the
topside facility. The topside facility can be equipped to
handle the solids produced by the wellbore. The cavitation
chamber 106 precipitates scaling particulates small enough
to be easily ingested by the inlet to the downhole pump 104.
The particle size 1s a function of flow velocity, cavitation
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intensity, and level of fluid saturation. As such, the cavitation
chamber 106 1s designed to precipitate particles of a certain
s1ze range that can be mgested by the pump 104 inlet.

FIG. 2 shows a schematic diagram of s a rotating cavitator
assembly 200 that can be utilized 1n the downhole produc-
tion assembly 100. The rotating cavitator assembly 200,
which can be placed within the cavitation chamber 106,
includes a rotating cavitator 206 centrally located 1n the
cavitation chamber 106 and attached to a rotatable shaft 204.
Production tluid 202 tlows past through the cavitation cham-
ber 106 and over the rotating cavitator 206, which induces
cavitation as 1t rotates transverse to the tluid flow path 200.
The rotating cavitator 206 creates a localized pressure drop
during rotation that results in cavitation. Precipitation of
scaling products occurs due to the pressure drop where
micron-size bubbles form and grow due to the low pressure
areas in the fluid flow path. In some 1mplementations, the
rotating cavitator 206 passively free-spins. In other words,
the fluid tlow 200 induces rotation of the rotating cavitator
206. In some implementations, the rotating cavitator 206 1s
coupled to a rotating motor or pump shait and 1s rotated by
cither the downhole pump 104 or the downhole motor 112.
In some implementations a stationary cavitator can be used.
A stationary cavitator induces cavitation by creating a pres-
sure drop as the production fluid 202 flows across the surface
ol the stationary cavitator to produce cavitation in the tluid.
Examples of stationary cavitators can include orifice-type,
nozzle-type or Venturi-type cavitators. The special coating
208 prevents scale build-up on the iner walls of the
cavitation chamber 106. The special coating can include
non-stick material or hydrophobic matenal, for example,
polytratafluoroethylene (Teflon™) or other non-stick or
hydrophobic material.

FIG. 3 shows a schematic diagram of a transducer assem-
bly 300 that can be utilized in the downhole production
assembly 100. The transducer assembly 300 includes a
group of transducers 302 attached to a wall of the cavitation
chamber 106. The group of transducers 302 induces cavi-
tation 1n the production fluid 202. In some implementations,
the group of transducers 302 can be powered by the power
cable 118. For example, the group of transducers 302 can
induce ultrasonics-based cavitation as described later. The
group ol transducers 302 are more poweriul than the ultra-
sonic transducers 122 that are used for cleaning the cavita-
tion chamber 106. In some 1mplementations, the group of
transducers 302 can be used for ultrasonic cleaning or the
ultrasonic transducers 122 can be used for cavitation.

Soundwaves are vibrations that propagate as mechanical
waves ol pressure and displacement through materials (gas,
liquid, and solid). Ultrasound 1s a sound with a frequency
higher than 20 KHz, beyond the typical human audible
range. There are two components within any ultrasound
device: an electrical pulse generator and a transducer, such
as transducer 302a. The pulse generator produces the elec-
trical pulses that are applied to the transducer 302a. The
pulse generator (not shown) can be located downhole or at
the topside facility. In some 1mplementations, the group of
transducers 302 can be powered by power line 118. The
group of transducers 302 can have one or more piezoelectric
clements or other sound producing elements. When an
clectrical pulse from the pulse generator 1s applied to the
piezoelectric element, the piezoelectric element vibrates and
produces an ultrasonic wave. The size of the electrical pulses
can change the intensity and energy of the ultrasonic wave.
The ultrasonic waves create the ultrasonic cavitation where
micron-size bubbles form and grow due to alternating posi-
tive and negative pressure waves in the fluid. In some
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implementations, the power required to sufliciently cavitate
the tluid flow 202 can be up to 20 KW. Diflerent ultrasonic
frequencies can aflect the depth of penetration (into various
scale products) and can have different impact on size and
type of scales. Some applications require a particular fre-
quency, and others require multiple or a range of frequen-
cies. Such a frequency range can be achueved by the use of
the group of transducers 302 1n the device or one transducer
302a capable of producing different frequencies through the
clectrical pulses applied to 1t. For example, in some imple-
mentations, sound frequencies that are known to cause
cavitation and cleaning, from 40 KHz to 10 MHz, can be
used.

On the cavitation chamber 106, the group of transducers
302 1s mounted (for example, welded or epoxied) to a
radiating diaphragm 304 which 1s on the walls of the
cavitation chamber 106. The displacement 1n the group of
transducers 302, as electrical pulses are applied, causes a
movement of the diaphragm 304, which in turn causes
pressure waves to be transmitted through the production
fluid flow 202 within the cavitation chamber 106. The
pressure waves create the ultrasonic cavitation where
micron-size bubbles form and grow due to alternating posi-
tive and negative pressure waves 1n the fluids.

FIG. 4 shows a schematic diagram of an electrode assem-
bly 400 1nstalled within the cavitation chamber 106. that can
be utilized in a downhole production assembly 100. The
clectrode assembly 400 includes a positive electrode 402
and a negative electrode 404. The electrodes can create an
clectrical arc 406 capable of inducing cavitation 1n the fluid
flow 202. In some implementations, the electrode assembly
400 can be powered by power cable 118.

The cavitation chamber 106 of FIG. 4 implements a
process called electrohydraulic cavitation. The electrode
assembly 400 creates a high-voltage electrical discharge,
such as electrical arc 406, between electrical arc emaitters,
such as the positive electrode 402 and the negative electrode
404 1mmersed 1n the fluid flow 202, to create plasma gas
bubbles 1n the fluid flow 202. The gas bubbles continue to
expand until theirr diameters increase beyond the limit sus-
tainable by surface tension, and at which point the gas
bubbles rapidly collapse, producing a shock wave that
propagates through the fluid. The shock wave, 1n the form of
a pressure step function, generates high-power ultrasound,
which, in turn, can create secondary cavitation.

Both the primary (electrohydraulic) and secondary (ultra-
sonic) cavitation can enhance scale precipitation. In some
implementations, a capacitor 408 1s charged to high voltage
and a discharge circuit 410 1s activated with an oscillating
switch (not shown). The capacitor and switch can be located
either downhole or at the topside facility. In some 1mple-
mentations, a continuous charge can be used instead of a
pulsed charge to produce a continuous electrical arc. In some
implementations, a potential difference between the positive
clectrode 402 and the negative electrode 404 may be up to
9000 volts to produce cavitation. The positive electrode 402
and negative electrode 404 can have various geometries. For
example, the positive electrode 402 and negative electrode
404 can be positioned on either side of the flow of the
production tluid 202 to produce the electrical arc 406 across
(that 1s, substantially perpendicular to) a direction of the
fluid tlow 202. Alternatively, the positive electrode 402 and
the negative electrode 404 can be positioned on the same
side of the flow of the production fluid 202 to produce the
clectrical arc 406 substantially parallel to the direction of the

fluid flow 202.
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FIG. 5SA shows a schematic diagram of a laser assembly
500a 1nstalled within cavitation chamber 106 that can be
utilized 1 a downhole production assembly 100. The laser
assembly 500 includes a laser emitter 502. The laser emitter
502 emits a laser beam 506 that 1s directed downhole from
the topside facility through a fiber optic cable 508. The laser
beam 506 induces cavitation in the fluid tlow 202. The laser
beam 506 creates plasma gas bubbles 1n the flmd flow 202.
The gas bubbles will continue to expand until their diam-
cters increase beyond the limit sustainable by surface ten-
sion, and at which point they will the gas bubbles rapidly
collapse, producing a shock wave that propagates through
the fluid. The shock wave, 1n the form of a pressure step
function, has the potential to generates high high-power
ultrasound, which, 1n turn. The ultrasound can create sec-
ondary cavitation. In some implementations, the laser can be
produced downhole by the laser emitter 502. In such 1mple-
mentations, the power cable 118 can be used power the laser
emitter 502.

Laser-induced bubbles are generated by the optical break-
down in the bulk of the liguid as the laser beam 506 1is
focused into liquid. In the illustrated implementation, the
laser beam 506 1s delivered downhole from a topside facility
through the fiber optical cable 508. When introduced into the
cavitation chamber 106, the laser beam 506 can radiate
through the fluids. In other implementations, such as the
alternative laser assembly 5005 shown 1n FIG. 5B, reflectors
or a reflective coating 504 can be used to trap the beam
inside the chamber 106 for more thorough cavitation. The
laser beam 506 can be either a pulsed or continuous laser and
has a wavelength such that energy 1s absorbed by the fluid
in the form of heat. The laser emitter 502 surface can be
equipped with erther a chemical coating, an ultrasonic
cleaner, or both to prevent scale buildup on the emutter.

FIG. 6 shows a flowchart of an example of a process 600
for utilizing the downhole production system 100. The
downhole production system 100 includes a cavitation
chamber 106 that 1s positioned 1n a tlow-path of a well fluid.
At 602, a wellbore fluid 1s received into a cavitation chamber
106. At 604 cavitation 1s induced within the well fluid within
the cavitation chamber 106. At 606, the cavitation causes
scaling products to precipitate out of the production fluid.
The precipitate scale 1s ingested by the inlet of downhole
pump 104. At 608, the scaling products are filtered out of the
fluid stream 202 by a filtering system located either at a
topside processing facility.

Thus, particular implementations of the subject matter
have been described. Other implementations are within the
scope of the following claims. For example, example imple-
mentations describe one type of cavitation chamber. In some
implementations, different types of cavitation chambers
disclosed here can be used 1n any combination.

The 1nvention claimed 1s:

1. A downhole production assembly comprising:

a downhole pump configured to be positioned at a down-

hole location 1n a wellbore; and

a cavitation chamber located upstream of an inlet of the

downhole pump 1n the wellbore, wherein the cavitation
chamber comprises a rotating cavitator configured to
induce the cavitation in the flud by rotating within the
flud.

2. The downhole production assembly of claim 1, wherein
the cavitation chamber 1s configured to induce cavitation in
a flmd flowed through the downhole pump, the cavitation
causing scaling products 1n the fluid to precipitate out of the

tfluad.
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3. The downhole production assembly of claim 1, wherein
the cavitation chamber 1s attached to an inlet of the down-
hole pump.

4. The downhole production assembly of claim 2, wherein
an 1nterior surface of the cavitation chamber 1s configured to
prevent blockage by the precipitated scaling products.

5. The downhole production assembly of claim 2, wherein
the cavitation chamber comprises a chemical coating, the
chemical coating being configured to prevent blockage by
the precipitated scaling products.

6. The downhole production assembly of claim 2, wherein
the cavitation chamber comprises an ultrasonic cleaner, the
ultrasonic cleaner being configured to prevent blockage by
the precipitated scaling products.

7. The downhole production assembly of claim 1, wherein
the rotating cavitator 1s configured to be coupled to a rotating
shaft of the downhole pump.

8. The downhole production assembly of claim 1, wherein
the rotating cavitator 1s configured to passively free-spin,
wherein the fluid flow causes the free-spin.

9. The downhole production assembly of claim 1, wherein
the cavitation chamber comprises an ultrasonic transducer
configured to induce the cavitation in the fluid by emitting
an ultrasonic frequency into the fluid.

10. The downhole production assembly of claim 9,
wherein the ultrasonic transducer 1s configured to produce
frequencies from 40 kHz to 10 MHz.

11. The downhole production assembly of claim 9,
wherein the ultrasonic transducer has a maximum power
output of 20 KW.

12. The downhole production assembly of claim 1,
wherein the cavitation chamber comprises a laser emitter
configured to induce the cavitation in the fluid by emitting
a laser into the fluid.

13. The downhole production assembly of claim 12,
wherein the laser emitter emits a pulsed laser.

14. The downhole production assembly of claim 12,
wherein the laser emitter emits a continuous laser.

15. The downhole production assembly of claim 12,
wherein a laser emitter surface comprises a surface coating,
or an ultrasonic transducer, the surface coating or the ultra-
sonic transducer configured to prevent adherence of the
precipitated scaling products to the laser emitter surface.

16. The downhole production assembly of claim 1,
wherein the cavitation chamber comprises an electrical arc
emitter.

17. The downhole production assembly of claim 16,
wherein the electric arc emitter 1s configured to produce an
clectrical arc 1n a tlow-path of the fluid.

18. The downhole production assembly of claim 16,
wherein the electric arc emitter has a maximum voltage
rating of 9000V.

19. The downhole production assembly of claim 16,
wherein the electrical arc emitter 1s configured to produce a
pulsed electric arc.

20. The downhole production assembly of claim 16,
wherein the electrical arc emuitter 1s configured to produce a
continuous electric arc.

21. The downhole production assembly of claim 1, turther
comprising a power supply system configured to provide

power to the cavitation chamber.

22. The downhole production system of claim 21, wherein
the power supply system 1s configured to power the down-
hole pump.
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23. A method comprising:

receiving a well fluid in a cavitation chamber positioned
upstream of a downhole pump inlet of a downhole
pump, the well fluid comprising scaling products;

inducing cavitation within the well fluid within the cavi-
tation chamber to precipitate the scaling products
within the cavitation chamber, wherein an ultrasonic

transducer 1s configured to induce cavitation in the
fluid; and

flowing the well fluid from which the scaling products

have been precipitated in a downstream direction
toward the downhole pump inlet.

24. The method of claim 23, further comprising position-
ing the cavitation chamber within a tlow-path of the well
fluad.

25. The method of any of claim 23, further comprising,
ingesting the precipitated scaling product into the downhole
pump inlet.

26. The method of claim 23, wherein the cavitation
chamber comprises a rotating cavitator, and wherein induc-
ing cavitation within the fluid comprises spinning the rotat-
ing cavitator within the cavitation chamber.

27. The method of claim 23, further comprising:

coupling the rotating cavitator to a downhole pump shaft

of the downhole pump; and

rotating the downhole pump shaft to rotate the rotating

cavitator.

28. The method of claim 23, wherein the wellbore fluid
flow rotates the rotating cavitator.

29. The method of claim 23, wherein the ultrasonic
transducer 1s configured to produce a soundwave has a
frequency of 40 KHz-10 MHz.

30. The method of claim 23, wherein the ultrasonic
transducer has a maximum power rating of 20 KW,

31. The method of claim 23, wherein a laser emitter 1s
configured to mnduce cavitation within the fluid by producing
a laser beam with the laser emutter.
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32. The method of claim 31, wherein the laser beam 1s a
pulsed laser.
33. The method of claim 23, wherein an electrical arc 1s

configured to induce cavitation within the fluid.
34. The method of claim 33, wherein the electrical arc has
a maximum voltage ol 9000V.

35. A wellbore producing system comprising;

an electric submersible pump configured to be located
within a wellbore;

a cavitation chamber configured to be positioned within a
wellbore flow-path upstream of an inlet to the electric
submersible pump, the cavitation chamber configured
to induce cavitation in the fluid and precipitate scaling
products upstream of the pump, wherein the cavitation
chamber comprises an electrical arc emitter; and

production tubing configured to be positioned within the
wellbore flow-path downstream of the electric sub-
mersible pump, the production tubing configured to
flow flmid driven by the electric submersible pump 1n an
uphole direction.

36. A wellbore producing system comprising;

production tubing configured to direct a production tluid
from a wellbore to a topside facility;

a wellbore pump configured to move the production fluid
through the production tubing, the wellbore pump
positioned at a downhole end of the production tubing;

a cavitation chamber configured to induce cavitation 1n
the wellbore fluid upstream of the wellbore pump, the
cavitation causing scaling products to precipitate out of
the fluid before the wellbore fluid enters the wellbore
pump, wherein the cavitation chamber comprises an
ultrasonic transducer configured to induce the cavita-
tion 1n the fluid by emitting an ultrasonic frequency nto

the fluid; and

a motor configured to rotate the wellbore pump.
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